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Abst rac t  : 

The r e s u l t s  of rocke t  s t u d i e s  of t h e  energy s p e c t r a  of primary 

a u r o r a l  e l e c t r o n s  are reviewed. Many of t hese  s p e c t r a  d i sp l ay  

peaks and d i s c o n t i n u i t i e s  i n  t h e  range 3 keV t o  12  keV which ind i-  

c a t e ,  very  unambiguously, t h a t  t hese  e l e c t r o n s  were energized by 

an  e l e c t r i c  f i e l d .  Moreover t he  observa t ions  d i r e c t l y  demonstrate 

t h a t  t hese  e l e c t r o n s  were t rapped on c losed  f i e l d  l i n e s  r e s t r i c t i n g  

t h e  e l e c t r i c  f i e l d  t o  one t h a t  i s  normal t o  t h e  magnetic f i e l d .  

Fu r the r  observa t ions ,  p r imar i ly  of e l e c t r o n s  of g r e a t e r  than  

10 keV, show t h a t  a second impulsive a c c e l e r a t i o n  process  supplements 

t h e  bas i c  e l e c t r o s t a t i c  mechanism. A beam-plasma i n s t a b i l i t y  i s  

suggested as be ing  t h e  cause of t h i s  a c c e l e r a t i o n  and c e r t a i n  

f e a t u r e s  of  such a process  are ou t l i ned .  D i rec t  evidence i s  

presented  t h a t  t h e  dynamic a c c e l e r a t i o n  occurs  very c l o s e  t o  t he  

atmosphere (1000 km a l t i t u d e ) .  

A working moael of t h e  development of  an a u r o r a l  d i sp l ay  

through t h e  q u i e t  phase t o  t h e  breakup i s  advanced based upon 

t h e s e  two a c c e l e r a t i o n  mechanisms. 
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In t roduc t ion  

The s tudy of t h e  charged p a r t i c l e  i n f l u x  which produces t h e  

v i s u a l  au ro ra  i s  l a r g e l y  d i r e c t e d  toward answering t h e  ques t ions  

"how were t h e s e  a u r o r a l  p a r t i c l e s  energized?"  and "how and why a r e  

they  p r e c i p i t a t e d  i n t o  t h e  atmosphere so  as t o  produce the  morphology 

observed i n  t h e  v i s u a l  aurora?"  

I n  t h i s  e f f o r t  much emphasis has  been placed upon the  measure- 

ment of t h e  energy s p e c t r a  of t h e  a u r o r a l  

t h a t  c e r t a i n  s p e c t r a l  c h a r a c t e r i s t i c s  may 

i n  the  spectrum, which could be l inked t o  

mechanisms. Nonetheless important i s  t h e  

behavior of t h e  p r e c i p i t a t i n g  p a r t i c l e s .  

p a r t i c l e s  i n  the  hope 

emerge, f o r  example peaks 

s p e c i f i c  a c c e l e r a t i o n  

study of t he  temporal 

Greater  knowledge o f  

pe r iod ic  v a r i a t i o n s  i n  t h e  p a r t i c l e  f l u x  ( p u l s a t i n g  aurora  sugges ts  

such behavior e x i s t s )  should have bear ing  on some of  t h e  more dynamic 

mechanisms in f luenc ing  a u r o r a l  p a r t i c l e s .  Much i n t e r e s t  has  r e c e n t l y  

been shown i n  t h e  c a r e f u l  observa t ions  o f  t r a n s i e n t  o r  r ap id  t i m e  

changes i n  a u r o r a l  e l e c t r o n  i n t e n s i t i e s  i n  the  hope t h a t  measurements 

of e l e c t r o n  v e l o c i t y  d i s p e r s i o n  may r e s u l t  i n  f i x i n g  t h e  p o s i t i o n  i n  

t he  magnetosphere where these  i n t e n s i t y  f l u c t u a t i o n s  are o r i g i n a t i n g .  

S tud ie s  along these  l i n e s  a r e  beginning t o  produce r e s u l t s  (Evans 

1966, 1967 a ,b;  Mozer and Bruston 1966; Lampton e t  a l ,  1967, Alber t ,  

1967). 

This  paper desc r ibes  some of t hese  r e s u l t s  i n  d e t a i l  and a t tempts  

t o  l i n k  t h e  va r ious  observa t ions  toge the r  i n t o  a n a t u r a l  sequence i n  

time which would correspond t o  t he  development o f  an a u r o r a l  d i sp l ay ,  
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The S t a t  i e.’- $has e 

S tud ie s  of  t h e  v i s u a l  au ro ra  suggest  t h e r e  i s  a phase of t he  

d i sp l ay  which may loose ly  be termed the  q u i e t  o r  s t a t i c  phase. Such 

au ro ra s  a r e  gene ra l ly  observed i n  t h e  evening and pre-midnight hours  

and can be cha rac t e r i zed  by a r c s  o r  bands extending i n  an east-west  

d i r e c t i o n  f o r  some d i s t a n c e  while  being t y p i c a l l y  5 - 10 km t h i c k  i n  

t h e  nor th- south  d i r e c t i o n .  These bands usua l ly  do not  e x h i b i t  r ap id  

motion, on occasion being v i r t u a l l y  s t a t i o n a r y  f o r  t ens  of minutes.  

Moreover t h e  o v e r a l l  luminos i ty  of such forms remains q u i t e  cons tan t  

over s i m i l a r  per iods  of time. The ne t  s u b j e c t i v e  impression of t hese  

au ro ra s  j u s t i f i e s  t he  term q u i e t  a r c .  

Observations of e l e c t r o n  energy s p e c t r a  (gene ra l ly  i n  t h e  energy 

range above 20 - 30 keV) made wi th  d e t e c t o r s  i n  rocke ts  f i r e d  through 

a u r o r a l  d i sp l ays  have u s u a l l y  shown extremely v a r i a b l e  i n t e n s i t i e s  

and energy s p e c t r a ,  c h a r a c t e r i s t i c s  which seem i n  q u a l i t a t i v e  d isagree-  

ment w i th  what would have been expected from the  appearance of t he  q u i e t  

phase of t he  a u r o r a l  d i sp l ay .  While t h i s  r e s u l t  may occur ,  t o  an e x t e n t ,  

because most observa t ions  a r e  made dur ing  the  more dynamic breakup phase 

of t he  d i s p l a y ,  some evidence of t h e  ear l ier  s t a t i c  na tu re  of t he  aurora  

could s t i l l  be p re sen t  i n  t he  p a r t i c l e  i n f l u x .  Recently observa t ions  

have exposed a s t a t i c  c h a r a c t e r i s t i c  i n  t he  a u r o r a l  e l e c t r o n  i n f l u x ,  a 

f e a t u r e  which appears  so f a r  t o  be confined t o  energ ies  below 15 keV. 

Evans (1966) repor ted  t h e  observa t ion ,  made on two sepa ra t e  rocke t  

f l i g h t s  i n t o  breakup au ro ra ,  of a d i s t i n c t i v e  f e a t u r e  i n  t he  e l e c t r o n  

energy spectrum which w a s  very  s t a b l e  over per iods  of  200 seconds. 
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En t he  f i r s t  case  (Figure 1) a sharp  break o r  knee i n  t he  e l e c t r o n  

energy spectrum w a s  observed a t  an energy of about 11 keV. This  

knee cont inued t o  be observed f o r  more than  200 seconds of f l i g h t  

t i m e .  The second example w a s  t h a t  shown i n  F igure  2 of a very 

prominent peak i n  t h e  e l e c t r o n  energy spectrum at approximately 

6 keV. The s t a b i l i t y  i n  the  p o s i t i o n  of t h i s  s p e c t r a l  f e a t u r e  over 

a per iod  when t h e  f l u x  of 40 keV e l e c t r o n s  w a s  undergoing o rde r s  of 

magnitude changes w a s  s p e c i f i c a l l y  pointed out .  

Alber t  (196%) repor ted  the  observa t ion ,  u s ing  a rocket  borne, - 
high  energy r e s o l u t i o n  e l e c t r o n  spectrometer ,  of a nea r ly  monoenergetic 

beam of e l e c t r o n s  a s soc i a t ed  wi th  an a u r o r a l  d i sp l ay .  Again t h e  

r e l a t i v e  s t a b i l i t y  of t h e  c h a r a c t e r i s t i c  energy (near  10 keV) w a s  a 

notab le  f e a t u r e  of t h e  da t a .  

Evans (1967b) r e p o r t s  a f u r t h e r  observa t ion  of such a nea r ly  

manoenergetic beam of e l e c t r o n s ,  t h i s  i n s t ance  of note  because t h e  

aurora  t h a t  t he  rocket  w a s  launched i n t o  w a s  of  t he  prebreakup type 

( the  d is turbance  component of t he  geomagnetic f i e l d  was < 2Oy).  

Figure 3 d i s p l a y s  a very  t y p i c a l  response curve produced by t h e  

e l ec  t r o  s t a t  i c  - analyzer-  channe 1-mu It i p  l i e  r d e t e c t o r  system as i t  w a s  

swept through t h e  energy range 1.5 keV - 10 keV dur ing  t h i s  rocke t  

f l i g h t .  The s o l i d  l i n e  i s  the  response curve t h a t  would have been 

observed had t h e  a u r o r a l  e l e c t r o n  beam been composed e n t i r e l y  of 

3 .8  keV e l e c t r o n s .  The c l o s e  agreement between t h e  observed and the  

hypo the t i ca l  curves i n  Figure 3 ,  p a r t i c u l a r l y  over  t h e  h igher  energy 

po r t ion  of t he  spec t r a l  peak, lead t o  the conclusion t h a t  i f  t h a t  

i 
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p o r t i o n  of t he  a c t u a l  e l e c t r o n  energy spectrum were f i t t e d  t o  an 

exponent ia l  form e-E/Eo, Eo would be l e s s  than  100 e V .  

As i n  prev ious  observa t ions  of t h i s  s o r t  of spectrum, the  

s t a b i l i t y  of  t he  peak w a s  a most s t r i k i n g  f e a t u r e  of t hese  measure- 

ments. F igure  4 ,  where t h e  energy of t h i s  s p e c t r a l  peak i s  p l o t t e d  

aga ins t  f l i g h t  t i m e ,  i l l u s t r a t e s  t h i s  s t a b i l i t y  dur ing  a 150 second 

per iod .  

It i s  seen  t h a t  t he  s p e c t r a  descr ibed above have two outs tanding  

c h a r a c t e r i s t i c s ,  f i r s t  t he  ex i s t ence  of prominent s p e c t r a l  f e a t u r e s  

and secondly the  s t a b i l i t y  of t h e  energy a s soc i a t ed  wi th  t h i s  f e a t u r e  

as a func t ion  of t i m e .  

The appearance of a s p e c t r a l  peak o r  d i s c o n t i n u i t y  seems t o  be 

most s a t i s f a c t o r i l y  explained by models i n  which the  e l e c t r o n s  have 

acquired t h e i r  energy by moving o r  being d r iven  through an e l e c t r i c a l  

p o t e n t i a l  d i f f e r e n c e .  This  i s  e s p e c i a l l y  t r u e  f o r  t he  spectrum shown 

i n  Figure 3 ,  where t h e  h igh  energy t a i l - o f f  i s  so extremely s teep .  

The geometry of t h i s  p o t e n t i a l  d i s t r i b u t i o n  i s  not  c l e a r  as 

y e t .  One choice would be a 3 . 8  keV p o t e n t i a l  d i f f e r e n c e  imposed along 

a magnetic l i n e  of fo rce .  However t h e  s t a b l e  na tu re  of t h i s  p o t e n t i a l ,  

as evidenced by t h e  s t a b i l i t y  i n  t h e  observed e l e c t r o n  energy s p e c t r a ,  

would seem t o  speak aga ins t  such a vol tage  d i s t r i b u t i o n  as i t  has  been 

argued t h a t  t he  r e s u l t a n t  e l e c t r i c  f i e l d s  cannot be sus t a ined  i n  t h e  

presence of plasma. Moreover i t  has  been pointed out  ( f o r  example 

Mende, 1967) t h a t  i t  would be impossible t o  prevent  t he  ionosphere 



-6- 

from evapora t ing  i f  such an e l e c t r i c  f i e l d  were p re sen t  a t  low a l t i t u d e  - 

i o e e ,  t h e  ex i s t ence  of t h e  a u r o r a l  ionosphere prec ludes  the  ex i s t ence  of 

a long i tud ina l  e l e c t r i c  f i e l d  a t  those  a l t i t u d e s ,  On the  o t h e r  hand t h e  

observa t ions  repor ted  by Evans could not  be i n t e r p r e t e d  as excluding the  

e l e c t r o n s  being energized by an e l e c t r i c  f i e l d  a l igned  along t h e  magnetic 

f i e l d .  

Because o f  the  controversy surrounding long i tud ina l  e l e c t r i c  f i e l d s ,  

a l t e r n a t i v e  e l e c t r i c  f i e l d  geometries should be cons idered ,  t h e  most 

a t t r a c t i v e  of which i s  a t r a n s v e r s e  e l e c t r i c  f i e l d .  A s  Evans s t r e s s e s ,  

the  a c c e l e r a t i o n  of t h e  e l e c t r o n  i n  t h i s  s o r t  of p o t e n t i a l  d i s t r i b u t i o n  

depends i n  gene ra l  upon d r i f t  t r a j e c t o r i e s  determined by magnetic g rad ien t  

and l i n e  curva ture  d r i f t s  - not d i r e c t l y  by t h e  e l e c t r i c  f i e l d .  This ,  

however, appears t o  lead  t o  t he  requirement t h a t  t he  e l e c t r o n s  under- 

going a c c e l e r a t i o n  be t rapped upon c losed  f i e l d  l i n e s ,  f o r  t o  p lace  t h e  

p a r t i c l e  on an open f i e l d  l i n e  and demand t h a t  magnet ica l ly  con t ro l l ed  

d r i f t s  be s u f f i c i e n t  t o  d r i v e  the  p a r t i c l e  ac ros s  as much as 13 kV 

p o t e n t i a l  d i f f e r e n c e  i n  a s i n g l e  t r a v e r s a l  down t h e  magnetic f i e l d  

l i n e  would r e q u i r e  e i t h e r  

(a> a very  unusual  f i e l d  geometry r e s u l t i n g  i n  l ong i tud ina l  

e l e c t r o n  d r i f t s  on t h e  o rde r  of 100’s of km pe r  traversal, o r  

(b)  an unreasonably l a r g e  t r ansve r se  e l e c t r i c  f i e l d  i n t e n s i t y .  

The r e s u l t a n t  p i c t u r e  of t h e  product ion of a u r o r a l  e l e c t r o n s  

which have t h i s  “ p o t e n t i a l  d i f f e r e n c e  s igna tu re”  i n  t h e i r  energy s p e c t r a  

i s  t h a t  t he  e l e c t r o n s  a r e  t rapped on c losed  magnetic l i n e s  of fo rce  i n  a 

i 
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r eg ion  where t h e r e  exists a t r ansve r se  e l e c t r i c  f i e l d .  The p a r t i c l e  

d r i f t  due t o  the  combined e l e c t r i c  and magnetic fo rces  lis such as t o  

d r i v e  t h e  e l e c t r o n  ac ros s  e l e c t r i c  e q u i p o t e n t i a l s  producing t h e  ener-  

g i z a t i o n .  

(1961) i n  a q u a l i t a t i v e  fash ion  and q u a n t i t a t i v e l y  by Taylor  and Hones 

(1965) e 

This  s o r t  of model has  been d iscussed  by Axford and Hines 

The second d i s t i n c t i v e  f e a t u r e  of t hese  low energy e l e c t r o n  in-  

f l u x e s  i s  the  s t a b i l i t y  of t h e  c h a r a c t e r i s t i c  energy i n  t he  beam over 

r e l a t i v e l y  long pe r iods  of t i n e  (> 280 sec) .  This  suggests  t h a t  

source o r  genera tor  of t he  requi red  e l e c t r i c  p o t e n t i a l s  can be 

considered a "d.c." genera tor  - a t  l e a s t  u n t i l  t he  a u r o r a l  breakup 

phase. This  i n  t u r n  sugges ts  t h a t  i t  i s  t h i s  genera tor  which i s  t h e  

mechanism which provides t he  ene rg i za t ion  of  t h e  e l e c t r o n s  involved 

i n  t h e  s t a t i c  o r  pre-breakup phase of t h e  a u r o r a l  d i sp l ay .  The ob- 

s e r v a t i o n  of e l e c t r o n  energy s p e c t r a  with peaks during the  breakup o r  

dynamic phase of t he  d i sp l ay  may simply mean t h a t  e l e c t r o n s ,  i n i t i a l l y  

t rapped ,  a r e  be ing  discharged i n t o  the atmosphere a t  t h i s  time s t i l l  

possess ing  the  c h a r a c t e r i s t i c  energy acquired during the  s t a t i c  phase 

preceeding breakup. 

A f i n a l  p o i n t  of some importance i s  t h e  l ack ,  thus  f a r ,  of 

observa t ions  of c h a r a c t e r i s t i c  ene rg i e s  above 15 keV. This  coupled 

wi th  the  e s t ima te s  of about 50 kV (Taylor and Hones, 1965) as the  

maximum a v a i l a b l e  p o t e n t i a l  d i f f e r e n c e  i n  t h e  magnetosphere r e q u i r e s  

t h a t  a second a c c e l e r a t i o n  mechanism be ope ra t ing  t o  produce those  e l e c t r o n s  

of  ene rg i e s  about 100 keV observed i n  a s s o c i a t i o n  wi th  the  aurora .  

3 
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The Dynamic Phase 

Typica l ly  t he  a u r o r a l  d i s p l a y  passes  from t h e  q u i e t  phase 

descr ibed  e a r l i e r  t o  t he  breakup phase at some t i m e  near  l o c a l  

midnight.  The breakup phase i s  cha rac t e r i zed  by very r a p i d l y  

moving forms and very ex tens ive ,  b r i g h t  aurora.  This  p o r t i o n  of 

t h e  d i s p l a y  may develop and pass  through i t s  peak w i t h i n  a per iod  

of 10 minutes o r  s o .  

Because it i s  t h i s  phase of t h e  d i s p l a y  which i s  the  most 

intense,many i f  not  most sounding rocke t s  are f i r e d  a t  t h i s  t ime. 

The observa t ions  of e l e c t r o n s  (usua l ly  g r e a t e r  than  40 keV) on 

such f l i g h t s  very o f t e n  are cha rac t e r i zed  by r ap id  i n t e n s i t y  and 

s p e c t r a l  fluctuations (Maehlum, 1967). This  appears  t o  be e s p e c i a l l y  

t r u e  of those e l e c t r o n s  above 40 keV which o f t e n  e x h i b i t  o rde r s  of 

magnitude fluctuations while  the lower energy e l e c t r o n  i n f l u x  remains 

more o r  l e s s  cons tan t  (Evans, 1966). The rocket  and s a t e l l i t e  exper i-  

mental  s tudy of  t h e  > 4.0 keV component of  t he  a u r o r a l  p a r t i c l e  i n f l u x  

has  lead t o  some gene ra l  conclusions about t h e i r  o r i g i n .  O'Brien (1964) 

s t a t e s  ". ..* and becuase t h e  p r e c i p i t a t e d  p a r t i c l e s  ( e l e c t r o n s  > 40 keV) 

must have been generated very r e c e n t l y  and could not  have been t rapped 

wi th  the  same energy and the  same p i t c h  angle,  we w i l l  c a l l  each 

increment of f l u x  a t  each p i t c h  ang le  " fresh" p a r t i c l e s"  thereby 

implying processes  a f f e c t i n g  e l e c t r o n  w i t h i n  t h e  t i m e  of one bounce 

per iod  o r  so. Mozer (1966) comes t o  much the  same conclusion and s t a t e s  

e x p l i c i t l y  " au ro ra l  e l e c t r o n s  of a l l  observed ene rg i e s  (> 65  keV) and 

p i t c h  angles  probably underwent s i g n i f i c a n t  changes of ene rg i e s  and/or 
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p i t c h  angles  on each bounce owing t o  nonatmospheric i n t e r a c t i o n  

mechanisms.” Mozer’s rocke t  borne observa t ions  were made i n  a 

breakup aurora .  

Evans (1967a) has  repor ted  the  observa t ion  of  r ap id ,  pe r iod ic  

e n e r g e t i c  e l e c t r o n  i n t e n s i t y  fluctuations which were i n t e r p e t e d  as 

being caused d i r e c t l y  by t h e  mechanism which w a s  energ iz ing  t h e s e  

e l e c t r o n s .  F igure  5 d i s p l a y s  an example of t h i s  p e r i o d i c i t y .  Evans 

argued on grounds of p l a u s i b i l i t y  t h a t  t hese  f l u c t u a t i o n s  were pure ly  

temporal i n  na tu re  r a t h e r  than  caused by the  r e l a t i v e  motion of  t he  

rocket  and a s p a c i a l l y  pe r iod ic  e l e c t r o n  i n f l u x .  A c ros s  c o r r e l a t i o n  

a n a l y s i s  w a s  then  appl ied  t o  t he  e l e c t r o n  i n t e n s i t y  f l u c t u a t i o n s  as 

observed a t  var ious  ene rg i e s  s o  as t o  expose any v e l o c i t y  d i spe r s ion  

e f f e c t s .  The r e s u l t  w a s  t h a t  from e l e c t r o n  ene rg i e s  of 16 keV t o  

120 keV t h e r e  w a s  no observable  d i s p e r s i v e  e f f e c t s  while t h e r e  w a s  

evidence t h a t  fluctuations i n  8 keV e l e c t r o n s  a c t u a l l y  lead i n  t ime 

s imi la r  fluchaations a t  h igher  energy. This lead t o  the  conclusion 

t h a t  whatever t h e  cause of t h e  modulation, it l ay  wi th in  a d i s t ance  

of some 1000 km of t h e  rocket .  Models i n  which a dumping mechanism 

modulated a p r e - e x i s t i n g  beam of e l e c t r o n s  and i n  which t h e  10 cps 

p e r i o d i c i t y  shown i n  F igure  5 w a s  fundamental t o  the  process  which 

c rea t ed  t h e  e l e c t r o n s  involved,  were both considered.  Because t h e  

p e r i o d i c i t y  w a s  s t r o n g e s t  i n  t h e  h ighe r  energy e l e c t r o n s  and v i r t u a l l y  

non- exis tan t  i n  t h e  lowest ene rg i e s  measured, i t  w a s  concluded t h a t  a 

dumping modulation mechanism would be very  s p e c i a l  i n  t h a t  i t  a f f e c t e d  

only h igh  energy e l e c t r o n s .  This  w a s  regarded as u n l i k e l y  and the  



- 10- 

second explana t ion  - i . e .  t h e r e  w a s  a dynamic ene rg i za t ion  mechanism a t  

work having a bas i c  10 cps o s c i  l a t i o n  - was accepted. 

Much evidence has  been put  f o r t h  r e c e n t l y  - mostly on t h e  b a s i s  

of c a r e f u l  s tudy of t r a n s i s t o r y  f luc tmt ions  i n  e l e c t r o n  i n t e n s i t y  - 
t h a t  some process ,  modulation o r  a c c e l e r a t i o n ,  i s  a f f e c t i n g  e l e c t r o n s  

c l o s e  t o  t h e  ionosphere (Mozer 1967, Lampton 1967, Winiecki 1967). 

F r i t z  (1967) p re sen t s  f u r t h e r  evidence from s a t e l l i t e  d a t a  t h a t  argues 

f o r  t he  a c c e l e r a t i o n  of e l e c t r o n s  a t  low a l t i t u d e  over t he  a u r o r a l  

zone. The s o l e  d i r e c t  evidence thus  f a r  f o r  modulation of a u r o r a l  

e l e c t r o n s  a t  l a rge  d i s t a n c e s  from the  e a r t h  i s  presented  by Bryant 

e l  a1 (1967) who, on the  b a s i s  of v e l o c i t y  d i spe r s ion  arguments, p l ace  

t h e  modulation reg ion  a t  t he  e q u a t o r i a l  plane.  

The observa t ion  of t h e s e  10 cps p e r i o d i c i t i e s  by Evans occurred 

on t h e  same f l i g h t  and a t  t h e  same t i m e  t h a t  t h e  c h a r a c t e r i s t i c  peaked 

spectrum shown i n  F igure  2 w a s  observed. The appearance of t h e  6 keV 

monoenergetic component i n  t h e  low energy spectrum toge the r  w i th  the  . 

dynamic product ion of  60 keV e l e c t r o n  w a s  reminiscent  of t h e  labora tory  

plasma experiments of Smull in  and Getty (1962), t h a t  i n  which t h e  

i n t r o d u c t i o n  of a beam of f a s t  (- keV) e l e c t r o n s  i n t o  a plasma r e s u l t e d  

i n  t h e  r a p i d  genera t ion  of very  e n e r g e t i c  e l e c t r o n s .  

p rocesses  thought t o  exist  i n  t h e  labora tory  i n t e r a c t i o n ,  t h e  fol lowing 

sequence of even t s  w a s  proposed t o  e x p l a i n  the  observa t ions  i n  t he  

I n  analog wi th  t h e  

breakup aurora.  
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The 6 keV beam of e l e c t r o n s ,  which w a s  produced by d r i f t  o f  

e l e c t r o n s  through a s t a t i c  p o t e n t i a l  d i s t r i b u t i o n .  as descr ibed 

above, i n t e r a c t e d  wi th  the  upper ionospheric  plasma t o  produce 

plasma i n s t a b i l i t i e s  and a s soc i a t ed  waves. The energy f o r  t h e  

waves comes from t h e  p a r t i c l e  beam. I f  t h e  energy given up by 

t h e  6 keV e l e c t r o n s  i s  p r imar i ly  from the  Eperp. component, t he  

growth of t h e  i n s t a b i l i t y  w i l l  be accompanied by t h e  dumping o f  

t h e s e  keV energy e l e c t r o n s .  The wave may then  i n t e r a c t  i n  a 

resonant  f a sh ion  back upon some favored e l e c t r o n s  t o  a c c e l e r a t e  

them t o  t h e  observed 60 keV energ ies .  This  whole process  o s c i l l a t e d  

a t  - 10 cps  t o  produce the  observed p e r i o d i c i t y .  

This  sequence of events  has  some very s a t i s f y i n g  f e a t u r e s  about 

it. 

(1) It t akes  t h e  energy represented  by t h e  popula t ion  of 6 keV 

e l e c t r o n s ,  energized by something ak in  t o  t h e  Taylor-Hones model 

and t rapped on t h e  a u r o r a l  zone l i n e  of f o r c e ,  and suddenly d i s s i p a t e s  

some p o r t i o n  i n t o  t h e  atmosphere exp la in ing  t h e  t y p i c a l  f l a s h  br ighten-  

i n g  of t h e  aurora  a t  breakup. 

(2) Simultaneously some of t h i s  energy i s  u t i l i z e d  t o  a c c e l e r a t e  

e l e c t r o n s  t o  very  h igh  (> 50 keV) ene rg i e s .  This  would exp la in  why 

t h e  > 40 keV e l e c t r o n  popula t ion  seems so w e l l  a s soc i a t ed  wi th  the  

breakup a u r o r a l  forms (Maehlum, 1967). 

(3)  I n s t a b i l i t y  processes  o r i g i n a t i n g  at  r e l a t i v e l y  low a l t i t u d e  

would s e e m  t o  have t h e  b e s t  chance of gene ra t ing  t h e  f i n e  s p a c i a l  and 

temporal s t r u c t u r e  seen  i n  t h e  breakup au ro ra  without  such f e a t u r e s  
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being "washed out" as would be t h e  case  i f  l a rge  t r a n s i t  d i s t a n c e s  

were involved . 
C e r t a i n  f e a t u r e s  of t h i s  p i c t u r e  of  course remain t o  be explained.  

For example: 

(1) Why should t h e  i n s t a b i l i t y  suddenly appear i n  an a r c  o r  

form h i t h e r t o  s t a b l e  (some proper ty  of t h e  ionosphere? o r  of t h e  

e l e c t r o n  energy?) .  

(2) What e x a c t l y  i s  t h e  na ture  of t h e  i n s t a b i l i t y  and t h e  

a s soc i a t ed  waves. The f a c t  t h a t  t h e  conclusions of Evans would 

i n d i c a t e  t h a t  t h e  e l e c t r o n s  involved i n  t h e  p e r i o d i c i t y  acquired 

t h e i r  100 keV of  energy i n  a t i m e  of  about 10 msec may have some 

bear ing  on t h i s .  

However, t h e  dynamic product ion  o f  e n e r g e t i c  (> 40 keV) e l e c t r o n s  - 

probably a t  low a l t i t u d e  - seems now t o  be f a i r l y  w e l l  e s t ab l i shed .  

Summary 

This  paper has  attempted t o  ske tch  a poss ib l e  sequence of  events  - 
as seen from the  p o i n t  of view of an e l e c t r o n  - from the  q u i e t ,  prebreakup 

phase of  t he  aurora  through t h e  breakup phase. 

It i s  argued t h a t  t h e  pre-breakup aurora  i s  produced by e l e c t r o n s  

energized by d r i f t  through a s t a t i c  magnetospheric p o t e n t i a l  d i s t r i b u t i o n  

where t h e  e l e c t r i c  f i e l d  i s  imposed perpendicular  t o  t h e  geomagnetic l i n e  

of  force .  C h a r a c t e r i s t i c  peaks and knees i n  t he  e l e c t r o n  energy spectrum 

bear  testimony t o  t h i s .  It i s  suggested t h a t  t h e  maximum e l e c t r o n  energy 

produced i n  t h i s  manner i s  about 15 keV. 
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Due t o  some, as y e t  unknown reason,  t h e  i n t e r a c t i o n  of  t h i s  beam 

of e l e c t r o n s  wi th  i t s  plasma environment produced a gross  plasma i n s t a b i l i t y .  

It i s  surmised t h a t  t h i s  process  t akes  p l ace  a t  low a l t i t u d e  (- 1000 km) 

a t  t i m e s ,  i f  no t  exc lus ive ly .  The energy feeding  the  i n s t a b i l i t y  comes 

from the  popula t ion  of low energy (< 15 keV) t rapped on t h a t  p a r t i c u l a r  

l i n e  of fo rce ,  t h e  p a r t i c l e ' s  t o t a l  k i n e t i c  energy 

f l y  wheel. The onse t  of t h i s  i n s t a b i l i t y  may have 

i n s o f a r  as v i s u a l  a u r o r a l  morphology i s  concerned, 

i n s t a b i l i t y  i s  fed p r imar i ly  at t h e  expense of t h e  

of  t h e  t rapped e l e c t r o n ' s  energy, dumping of  t hese  

a c t i n g  i n  a sense as a 

t h r e e  r e l a v e n t  a spec t s  

F i r s t  i f  t he  

perpendicular  component 

lower energy e l e c t r o n s  

occurs  which could be t h e  o r i g i n  of t h e  f l a s h  b r igh ten ing  a t  breakup. 

Secondly t h e  plasma waves generated i n  t h i s  i n s t a b i l i t y  are proposed as 

coupling back upon favored e l e c t r o n s  t o  a c c e l e r a t e  t hese  t o  h igh  energy 

(h igher  than  magnetospheric p o t e n t i a l  d i f f e r e n c e s  could account f o r ) .  

Thi rd ly  t h e  a s s o c i a t i o n  of an i n s t a b i l i t y  w i th  the  breakup phase of 

a u r o r a l  d i s p l a y  is, i n  i t s e l f ,  i n t u i t i v e l y  s a t i s f y i n g  f o r  anyone who has  

observed t h i s  spec t acu la r  and very dynamic phenomena. 
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F igure  Captl  3 ons 

F igure  1 Sample e l e c t r o n  d i f f e r e n t i a l  energy s p e c t r a  observed 

on f l i g h t  14.188 (Evans, 1966) 

F igure  2 Sample e l e c t r o n  d i f f e r e n t i a l  energy s p e c t r a  observed 

on f l i g h t  14.189 (Evans, 1966). 

F igure  3 A sample of t he  swept energy d e t e c t o r  response observed 

on f l i g h t  18.24. The s c a t t e r  i n  d a t a  has  been reduced 

by a running average technique.  The s o l i d  l i n e  i s  t h a t  

response t h a t  would have been expected had the  e l e c t r o n  

beam been pure ly  3.8 keV e l e c t r o n s .  The c l o s e  agreement 

between t h e  observed and hypo the t i ca l  curves lead t o  t h e  

conclus ion  t h a t  the  s lope  of t h e  t r u e  energy spectrum 

above 3.8 keV w a s  less than  100 eV. 

F igure  4 The energy of t h e  peak i n  t h e  e l e c t r o n  energy s p e c t r a  

observed on f l i g h t  18.24 as a func t ion  of t i m e  while  

t h e  rocke t  w a s  above t h e  a u r o r a l  d i sp l ay .  

F igure  5 A high time r e s o l u t i o n  count rate p l o t  of s e v e r a l  d e t e c t o r s  

dur ing  a t i m e  of pe r iod ic  f l u c t u a t i o n s  observed on f l i g h t  

14.189. 
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